In this study, the sampling point distance as it affects Ikpoba River water quality was examined in order to ascertain the quality of the river before and after waste discharge. Water samples were taken from eight (8) different locations (at distance 750 m, at 150 m interval); covering the locations of wastewater release, upstream and downstream points. Samples were taken from the river for analysis twice every month in March, May and July, 2014. Samples were analyzed for pH, Electrical conductivity, Ca, colour, turbidity etc; using WHO standard methods for water quality tests. Results obtained showed that the Water Quality Index of the river water was poor at discharge point but improved as the sampling distance increased. The month of March had the worst Water Quality Index value of -5429792.89 at STN1, distance 0 m while the best WQI was in May (-457153.58) STN8 at 750 m. The model equations explaining the correlation between the computed WQI and sampling station distance are: Y = -4.112E6 + 1836.272X (March), Y = -1.848E6 + 2184.649X (May) and Y =-2.185E6 + 678.695X (July) respectively. One-way analysis of variance result (ANOVA) at 95% confidence interval revealed that there is a strong relationship between sampling distance and WQI for months of May and July except March. The study revealed that there is a correlation between sampling distance and water quality and hence recommends adequate effluent treatment before disposal. Also, waste disposal into the stream should be done at considerable distance from downstream users.
INTRODUCTION
Water pollution due to discharge of industrial wastes into water courses is a serious problem in the country. A thorough chemical examination carried out on selected Nigerian rivers in order to ascertain its water quality, revealed that the once rich and good quality nature's gift is fast diminishing in quantity and deteriorating in quality in some parts of the country (Ajayi and Osibanjo, 2013; Adeniji and Mbagu, 2012; Imevbore, 2014; Asuquo, 2015) . Streams in industrialized urban areas in Nigeria, are under severe threat of contamination as a result of waste generated by these industries while streams that transverse residential settlements or densely congested areas are severely contaminated with domestic sewage and household waste (Ajayi and Adeleye, 2007) . Fishes in these rivers are being killed by pollution while the meat from these fishes is contaminated and not safe for consumption due to high mercury and toxic substances in their flesh. Consumption of fishes and crabs from rivers contaminated with polychlorinated biphenyls (PCBS) are found to cause cardiovascular diseases, endocrine disorders and cancers such as breast cancer and even leukemia (Claudio, 2000) . The pollution of water poses severe health danger to animals and human health as it is a medium for bacterial transmission and other water borne diseases. Nitrates in drinking water can cause methemoglobinemia (Hertzman, 2010) . In assessment and monitoring of water quality index, it is important to measure, the amount and level of organic matters present in the stream as it is useful in assessing the rate of deterioration of the river water quality. Also, oxygen needed to stabilize the amount of organic matters present in the stream needs to be evaluated. In the past, several methods which include both automatic and manual have been employed in determination of organic matters in contaminated water bodies. Irrespective of these available methods, absolute care in in-situ data acquisition including compliance to standard laboratory ethics are needed to achieve near accurate results which is used to monitor and assess the quality of river water. Some major water quality parameters measured during water (including wastewater and contaminated rivers) quality assessment are; total organic compound (TOC), chemical oxygen demand (COD) and biochemical oxygen demand (BOD). Other include ammonia-nitrogen (NH3-N), total phosphorous (TP), total nitrogen, trace elements amongst others (Rene and Saidutta, 2008) .
Watershed parameters which includes; topography, relief and geology can affect surface water quality (Sliva, L., and Williams, 2001) . The changes in water quality characteristics including flow of river is influenced by series of processes. These processes could be developed by various elements in open water bodies, as a result of various man-made events within the basin which can also be hidden by unplanned occurrences (Antonopoulos and Papamichail, 2001) . For proper and resourceful water quality planning, it is essential to make use of previous reports in the study area ensuring adequate history of land use and talking the product of used areas by the corresponding loading factor(s) (Metcalf and Eddy, 2003) . In other instances, provided there is enough funds and time, the planners may demarcate a small watershed in the area of study, evaluate the water quality sampling events and ascertain the loading factors.
There are two approaches for estimating non-point contamination sources to surface streams. The first approach is an indirect method which uses water quality data from rivers, lakes or streams to deduce the necessity of the pollution source. The other approach is a direct method which deals mainly on the non-point sources and uses mathematically tools to explain the transportation processes of contaminants in water bodies (Haith and Dougherty, 2006) . The indirect method uses water quality parameters from the water body sources (rivers, lakes, and streams) and deduce the relevance of nonpoint source contamination from the observations in streams or rivers. These gives the overall indication of the quantity and quality of non-point contamination. However, the aim of these methods (indirect and direct) is hinged on measured quality of stream instead of on the causes or direction of the contamination. The indirect method is basically not limited to utilization of regression models in loading factors evaluation where land use event is taken as independent variables while the dependent variables are parameters of stream water quality (Haith, 2006) . The linear regression model is used to assess the degree of pollution in streams and lakes with respect to the source of discharge of the pollutants. Linear Regression establishes relationships between two (2) variables which make forecasting one of the variables possible provided the other variable is given. The analysis of variance (ANOVA) is an essential tool for the determination of significance difference in a sampled distribution. ANOVA determines whether there is greater variability among sample populations or within population groups (NCTGM, 2000) .
The main purpose of this work is to assess the effect of brewery discharge location on the quality of Ikpoba River water using least square regression model. This is to ensure the protection and safety of the water consumers downstream.
METHODOLOGY 2.1 Details of Site Location
Two brewery industries are sited within Oregbeni community of Benin City, Edo State. Oregbeni community has borders with Ikpoba River, Bendel Brewery and Guinness Nigeria plc. Ikpoba River is a fourth order stream, located in Benin City, in South Western Nigeria. The coordinate of the headwater is within 6.5N, long 5-8E and it comes from north-western direction in Benin City and flows southwards into the city (Benka-Coker and Ojior, 2015). The river passes through thick rain forests where allochotonous infusions of organic matters from the border vegetation are obtained by runoff from soil surface. Benin Basin system which is the third largest in Nigeria, receives runoff from Ikpoba River. The river is the major source of drinking water and other domestic uses for the downstream settlers who also use it for fishing. Ikpoba River collects different forms of wastes from agricultural deposits, domestic, industrial and commercial sources. These refuges bring toxic, microorganisms, organic and inorganic matters into the river. The waste products from the various breweries activities which usually have large wastewater volumes are transported through underground channels of about 2.5km and emptied directly into Ikpoba River (Ekhaise, and Anyasi, 2011) . Production and marketing of various brands of beer is the sole activity in these breweries. Effluent in variant compositions but with a common characteristic of high organic matters is generated in the course of production. This is responsible for the growth of vegetation within the wastewater discharge location. Figure 1 shows the Map of Ikpoba River with the various sampling points.
Study Design
This work was carried out to ascertain the physicochemical quality of the effluent from a point source before entering the river and at point of release; the quality of the river water at both upstream and downstream locations will be evaluated. The entire river length in the location was partitioned into two regions depending on the locations of release of wastewater into the river. The regions were basically upstream and downstream regions. The partition line was placed at the point of wastewater release location and was tagged as effluent release point. About 750 m length of the river was monitored downstream while 150 m upstream from this point was also monitored. Water samples were collected for analysis within these two extremes. 
Sampling Points and Geo-Locations
The upstream and downstream points of the wastewater discharge point where mixing was done was based on established geo locations. Table 1 shows the sampling locations within the river channel. 
Sample Recovery and Chemical Analysis of Samples
Water samples were collected bimonthly in March, May and July 2014 at eight sampling locations within the river channel, which was used in monitoring the composition of wastewater discharged, the quality of the water at release (discharge) location and downstream points as well as variations produced by seasonal water cycle within the study duration (March, May and July), a transition from the dry spell to the wet season. Sampling was done by washing the containers using the river water; thereafter the samples are collected and stored in cooler containing ice (ice chest). Additional samples were recovered for analysis of heavy metal and stored in clean plastic containers with 3ml analar grade nitric acid per litre sample. The twenty-five (25) 
Statistical Analysis of Data
To assess the variation of the overall water quality along the river, Water Quality Index (WQI) modeling was done on twenty-five physic chemical properties of the water samples in March, May and July, 2014. WQI was computed for each sampling period using the following approach;
Determination of Weightage
In calculating WQI, the Weightage of each of the parameters identified is first ascertained. Parameters with higher allowable limit are less toxic because they cannot change ground water quality even when they are in large amount. Therefore, the weightage of tested parameters have inverse relationship with the allowable limit. Hence 
Quality Rating Computation
Rating scale was assembled for set of values of each parameter. This rating ranged from 0 -100 and was shared in intervals of five. The rating qn= 0 indicates severe pollution (the tested parameter indices surpasses the maximum allowable limit). Conversely, qn= 100 is an indication that parameter indices available in the water has desirable values. Other ratings (qn= 40, qn= 60 and qn= 80) are within these extremes. These values represent excessive pollution, moderate pollution and slightly less pollution respectively. This is the modified version of the rating scale; it is calculated as follows (Ilaboya et. al., 2014; Rocchini and Swain, 2015) .
Where: qn = Quality rating or sun index Vn= Test result for each parameter tested Sn= Standard value of each parameter Vio= ideal value of selected parameters tested (in pure water Vio= 0 for all parameters tested except pH and dissolved oxygen which is 7.0 and 14.6 respectively. The resulting value is multiplied by a weightage factor which has significance to the water quality. The resulting sums are added to obtain one WQI for the water. It is a mathematical approach for the calculation of a unit number from various test results. The Water Quality Index calculated from the results, is a representation of the level of water quality in any given water body. The steps below were followed in evaluation of WQI in the river: 5. Water Quality Index (WQI) = 100-Z was used to represent the level of water quality.
Analysis of Variance
Statistical analysis was conducted by using MS Excel 2007 version. In the study, Pearson coefficient of correlation model was applied and τ values were computed to find significant correlation between the sampling points and the WQI of the river water. In order to accurately represent the relationship between two variables, the correlation coefficient τ, is first calculated (NCTGM, analyze data). ANOVA is applied and resulted F values will show the significant difference in the observed seasonal variation of each parameter at 5% level of significance.
RESULTS AND DISCUSSION
The result of the physcio-chemical analysis of the twenty-five (25) selected parameters is presented in Table 2 . The results obtained from the laboratory was compared with WHO and Federal Ministry of Environment Standards. This will form the basis of classifying the values as above limit, below limit or within limit. The pH values at the discharge locations were higher but in other sampling locations were within the recommendation standards although there were some instances where the values were much lower than the standards. The temperature, electrical conductivity, salinity and colour results were within the WHO tolerable limits except at the effluent source where these values were much higher than the guidelines limit. The increase in pH, EC, temperature and salinity values is linked to the slow rate of dilution which is usually noticed at the effluent source. The concentrations of pollutants at source point is usually high and this phenomenon affects the colour of the water but the colour values were within the tolerable limits of WHO. The colour values improved as the sampling distance increased. This is as a result of the effect of dilution and self-cleansing potentials of the stream. The turbidity, TSS, TDS and DO values were relatively higher than WHO limits at the effluent source and discharge points but there was gradual reduction in this values as the sampling location increases. Several particles (insoluble and floating matters) were observed in the samples, this is responsible for the lack of utilization of the stream water at the upstream locations. The DO and BOD5 values affected the habitation and behaviour of aquatic organisms in the stream as there was insufficient oxygen to maintain eco-balance in the stream. This was responsible for the massive migration of aquatic life towards downstream locations where DO is rich. The suspended particles on the stream surface were mostly unprocessed components of grains and yeast which eventually decay and add to the nitrogenous content of the stream. This process also affects the stream colour and it makes it appear greenish during the day. The results of the metal analysis (ca, Na, K, Mg, Cu, Fe, Pb, Cd and NO3, Cl -) were within the recommended limits although the values were also relatively higher at effluent source and points of discharge. Water Quality Index (WQI) was computed from the values in table 2 and the results are presented in Table 3 . The results in Table 3 indicates a serious level of pollution occasioned by the discharge of poorly treated brewery effluent into Ikpoba River. WQI computed for station one (STN1) in March, 2014 was as high as -5429792.89; according to WHO standard, good river water quality index is usually less than 100,000. The high value is an indication that brewery effluent and discharge from other sources are highly polluted and when released in its raw state into the river, the consequences is high degree of water pollution as experienced in all the stations from which water samples were collected.
The computed water quality index was checked against the distance of sampling stations from the point source of pollution, it was observed that within the period under study (March, March and July), there existed a gradual decrease in the pollution load of the river as you move away from the point source of pollution. A graph variation between the water quality index and the distance of each sampling location downstream from the point source of pollution is presented as in Figure 2 . There was progressive decrease in water quality index with increase in distances of sampling stations away from the source of pollution. It was experienced in all the months as shown in Figure 2 . From Table 3 , WQI calculated revealed that high level of pollution was experienced in the month of March as compared to the other two months. WQI values obtained in March ranged from -457153.58 in STN8 to -5058205.33 in STN1. The overall status of the river is characterized by high level of pollution occasioned by the discharged of poorly treated brewery effluent.
Least Square Regression Analysis
Least square regression analysis was done to investigate the significant effects of sampling points on the changing water quality for the period under investigation (March, May and July). Result of the Pearson Correlation as present in Tables 4, 5 and 6; the results revealed that there exists a strong statistical correlation between the sampling points and the computed WQI. The correlation equations obtained in May and July were higher than the month of March. This is an indication that the pollution index of the river was high in the month of March.
On the degree of reliability of the least square regression model to predict the correlation between the computed water quality index and the sampling stations, result of the model summary as presented in Table 7 , 8 and 9 was employed.
The results of the least square regression model had a better explanation for the physcio-chemical properties obtained in the month of May and July, 2014. This claim is based on the higher coefficient of linear correlation observed in May and July as compared to March. To develop the model equation that defines the correlation between the computed water quality index and the sampling distance, regression coefficient statistics as presented in Table 10 , 11 and 12 was utilized.
From the result of Table 10 , 11 and 12 the following model equations were developed to explain the correlation between the computed water quality index and sampling station distance. Where; Y is the computed water quality index, X is the sampling station distance. To establish whether the variation in the computed water quality index is due exclusively to distance away from the source of pollution, one-way analysis of variance (ANOVA) result as presented in the Tables 7, 8 and 9 were employed. Since the regression analysis was run at 99.5% confidence interval, which is 0.05 degree of freedom, the probability function P value was gotten as 0.05. It means therefore that the following hypothesis can be formulated:
1. H0: Sig <0.05 varying water quality is exclusive due to sampling point distance 2. H1: Sig > 0.05 varying water quality is not exclusively due to sampling point distance
The result of Table 7 shows that Sig was greater than 0.05 (Sig = 0.138) meaning that the null hypothesis has failed. Thus it was concluded that the changing water quality along the river in the month of March, 2014 is not exclusively due to the sampling point distance. This means that other processes that happen in the river in the month of March, 2014 would have also contributed to the varying water quality observed. The result of table 8 indicates that Sig was less than 0.05 (Sig =0.022) meaning that the alternative hypothesis has failed. Thus we concluded that the changing water quality along the river is exclusively due to the sampling point distance in the month of May, 2014.
From the result of Table 9 , it is seen that Sig was less than 0.05 (Sig = 0.035) meaning that the alternative hypothesis has failed. Thus it was concluded that the changing water quality along the river is exclusively due to the sampling point distance in the month of July, 2014. The result obtained in the months of May and July, 2014 reflects the sampling point influence on river water quality which can be altered due to closeness of sampling to discharge point. In the month of March 2014, the sig value greater than 0.05 indicates that other processes have undue influence on the river water quality. The month of March as compared to the other months (May and July), is predominantly dry season and this explains the severe pollution of the river water due to poor dilution from precipitation. The concentration from pollutant entering the river during this period is usually high and this is revealed across the entire sampling points. Sampling Points Distance (m) 
CONCLUSION
This research has shown clearly the effect of discharge point on water quality index on Ikpoba River which serves as recipient of highly polluted effluent from nearby brewery and several abattoirs within the location. The pH, COD, turbidity and TSS of Ikpoba river raw effluents were not within tolerable limits in comparison to standard effluent discharge requirements set by WHO and European discharge standards (see Table 2 ). The regression analysis carried out on the sampling distance and water quality index in months of March, May and July, 2014, revealed that the water quality index of the river water improved as the sampling distance from the discharge point increased with the month of March being an exception. Low river dilution in the month of March is responsible for the high contaminants concentration which invariably affected the river water quality irrespective of the sampling distance. In view of the fore-going, appropriate effluent treatment should be done before disposal especially in dry season when river dilution is low. Also, there should be considerable distance between the discharge point and end users in the downstream. This will help prevent epidemics since the water quality index improves with increase in distance from discharge point.
